The majority of all known diseases are accompanied by disorders of the cardiovascular system. Studies into the complexity of the interacting pathways activated during cardiovascular pathologies are, however, limited by the lack of robust and physiologically relevant methods. In order to model pathological vascular events we have developed an in vitro assay for studying the interaction between endothelium and whole blood. The assay consists of primary human endothelial cells, which are placed in contact with human whole blood. The method utilizes native blood with no or very little anticoagulant, enabling study of delicate interactions between molecular and cellular components present in a blood vessel.
Introduction
Methods for analyzing blood-vascular interactions in cardiovascular disease generally involve animal research experiments. Results created in experimental research animal models may, however, have little or no implication for human disease. 1, 2 As such, there is a need for good and reliable in vitro models to investigate cellular interactions between the blood compartment and vascular endothelial cells in a humanlike system. We have therefore established a blood endothelial cell chamber model. This is based on a previously described model used to investigate interactions between biomaterials and human whole blood. 3 Contrary to other in vitro setups where usually limited number of purified components, i.e., thrombocytes, leukocytes or endothelial cells are available, the present model incorporates all the components present in a blood vessel.
The setup of the blood endothelial cell chamber model is designed to enable use of freshly drawn human blood with little or no added anticoagulant. Blood stored during longer time periods acquire so called storage lesions where breakdown of erythrocytes may interfere with delicate interactions between blood and endothelial cells. 4 To avoid clot formation during handling of whole blood ex vivo requires either high doses of anticoagulant or that all material in contact with blood have to be non-activating. As non-activating surfaces are rare in the laboratory environment, materials may alternatively be equipped with a protective layer of immobilized heparin. A protective layer of immobilized heparin (hereafter referred to as Corline heparin surface (CHS)) that may be applied to most materials creating a surface where blood contact can occur without causing an activation of the coagulation cascade. 5 Thus, by furnishing the chambers with CHS, the blood endothelial cell chamber model enables use of very low concentrations of anticoagulant in the blood. Avoiding the addition of high concentrations of anticoagulant in the blood endothelial chamber model makes it possible to study sensitive interactions within a blood vessel that might otherwise be masked. 6 The blood endothelial cell chamber model consists of two chambers formed by attaching plastic cylinders (height: 8 mm; radius: 9 mm) to a plastic microscope slide. The edges facing upward on the cylinders are equipped with grooves that are fitted with rubber O-rings used for sealing the chambers against the cell culture slide. The chambers are only partially filled with blood as the air left in the chamber keeps blood in movement when the chambers are subsequently rotated in a vertical position (Figure 1) . 
Preparation of Whole Blood
1. Prepare all artificial surfaces that will be in contact with blood with a double layer of immobilized heparin (CHS) according to the manufacturer's instructions. CHS coated materials protected from dust can be stored at room temperature up to 6 months without loss of function. 2. Use open system venipuncture to draw blood from a healthy donor shortly (<30 min) before starting the blood endothelial chamber experiment. Couple a hypodermic needle (18 G x 50 mm) to CHS coated silicon tubing (inner diameter: 2 mm) before carefully collecting blood in a CHS coated 50 ml tube. Supplement blood with unfractionated heparin to reach a final concentration of 0.75 IU/ml. Mix the blood gently by inverting the tube 2 -3 times.
Blood Endothelial Chamber Model
1. Fabricate blood chambers ( Figure 1A ; top view) in acrylic polymethyl methacrylate (PMMA) consisting of two cylinders (height 8 mm and radius 9 mm) that are glued to a PMMA slide (25 x 75 mm). Fit the edges of the cylinders facing upwards with rubber O-rings to seal the blood chamber against the glass slides with cultured endothelial cells ( Figure 1B) . Rotate the blood chambers connected to the culture slide with endothelial cells thereafter in a vertical position ( Figure 1C ). 2. Use a CHS coated pipette tip to transfer 1.5 ml blood into each CHS coated chamber taking care not to activate the blood. 
Analysis of Blood Endothelial Interactions

Representative Results
The Necessity of CHS Coating
In order to measure reactions in whole blood specific to those elicited by the endothelial cells, all materials used for the blood endothelial cell chamber must be furnished with a CHS coating prior to use. Figure 2A (left) shows an uncoated chamber after 30 min of blood contact with a clearly visible clot present. Treating the chamber with CHS (Figure 2A, right) on the other hand protects the blood from uncontrolled activation, ensuring that the results are due to the endothelial cell-blood interactions.
The Effect of the Blood Volume in the Chamber
Activation of coagulation is more likely in stagnant blood as the probability of interaction between activated coagulation factors is increased. In the blood endothelial cell chamber model, blood is kept in motion due to the circulation of an air bubble inside the chamber. In order to determine the effect of changes in the blood volume, and thus also air bubble size, a CHS coated chamber was connected to a CHS coated glass slide that was tested with 1.5 ml or 1.75 ml whole blood for 30 min. The volume of blood without any movement by the air bubble is 2.5 times larger when 1.75 ml of blood is added to the chamber compared to when 1.5 ml of blood is used (Figure 2B) . The measured TAT-values suggested increased TAT-formation with increased blood volume ( Figure 2D ). When HUVEC ( Figure 2C ) were incubated with either 1.5 or 1.75 ml of whole blood, no difference was noted between the two groups, suggesting that endothelial cells may modulate the activation of coagulation ( Figure  2D ).
The Effect of TNFα on Blood Cell Recruitment and Activation of Coagulation
In order to study the effect of TNFα on leukocyte recruitment, HUVEC were treated with 20 ng/ml TNFα 4 hr prior to blood contact. Blood contact -with either 1.5 ml or 1.75 ml blood -was continued for 30 min after which the culture slides were stained for CD16 (Figure 2F) , imaged and the number of CD16 + cells was quantified. The recruitment of CD16 + cells increased significantly with TNFα treatment (Figure 2E ) from 100 to 256 CD16 + cells/mm 2 (p < 0.0001) with 1.5 ml blood and from 172 to 378 (P < 0.0001) with 1.75 ml blood. The formation of TAT complexes was measured in the corresponding plasma samples of the blood incubated with either TNFα treated or untreated cells ( Figure 2G ). TNFα stimulated cells induced an approximate doubling of TAT complexes as compared to untreated cells. The volume of blood not kept moving by the rotating air bubble will vary with different blood volumes. With the addition of 1.5 ml of blood, this volume will be 0.3 ml, whereas it will increase to 0.74 ml with the addition of 1.75 ml. (C) HUVEC imaged with phase contrast microscopy show typical endothelial cell morphology of a confluent monolayer prior to blood contact. (D) TAT values for completely CHS coated chambers show a slight difference when different blood volumes are added. The addition of 1.5 ml blood resulted in 35 ± 11 μg/ml (n = 7) in comparison to 1.75 ml, which resulted in 85 ± 70 μg/ml TAT (n = 8). This difference is no longer present when HUVEC are incubated with the same blood volumes; 66 ± 55 μg/ml for 1.5 ml (n = 5) and 66 ± 29 μg/ml for 1.75 ml (n = 7). The formation of TAT complexes is roughly doubled by TNFα stimulated cells as compared to untreated cells incubated with blood (1.5 ml: 2.1 ± 0.1 times more TAT, n = 3; 1.75 ml: 1.7 ± 1.0 times more TAT, n = 4). All values are presented as mean ± standard deviation; p values were calculated by unpaired t tests. Please click here to view a larger version of this figure.
